abstract BACKGROUND AND OBJECTIVE: Self-inflicted injuries are one of the major causes of disease burden and death globally. Understanding the extent to which this is associated with childhood sexual abuse (CSA) exposure can help inform prevention strategies. We aimed to quantify to what extent CSA was associated with incident suicide attempts in men and women. Longitudinal studies and cotwin analyses from twin studies in any population from any year were eligible for inclusion. Of 22 235 abstracts screened as part of a series of reviews, 9 studies met the inclusion criteria for this review. Characteristics, effect estimates, and quality data were extracted. Randomeffects meta-analysis was used to generate pooled odds ratios (ORs).
METHODS:
We searched 20 health and social science databases from first record until February 2009 and updated the search in Medline from February 2009 to February 1, 2013 . Longitudinal studies and cotwin analyses from twin studies in any population from any year were eligible for inclusion. Of 22 235 abstracts screened as part of a series of reviews, 9 studies met the inclusion criteria for this review. Characteristics, effect estimates, and quality data were extracted. Randomeffects meta-analysis was used to generate pooled odds ratios (ORs).
RESULTS: Seven longitudinal and 2 twin studies with 8733 participants met the inclusion criteria. The overall pooled estimate for longitudinal studies was OR = 2.43 (95% confidence interval: 1.94-3.05), I 2 = 87.5%, P , .0001. The pooled OR from cotwin analysis was 2.65 (95% confidence interval: 0.82-4.49, I 2 = 0%, P = .867). Studies adjusted for a range of confounders, but baseline suicidal behavior was not wellcontrolled. Too few studies met the inclusion criteria to quantitatively examine sources of heterogeneity.
CONCLUSIONS: CSA exposure is associated with suicide attempts when a range of different confounders are controlled for, but the temporality of the association is not well established, and the association is highly heterogeneous. Pediatrics 2014;133:e1331-e1344 AUTHORS: Karen M. Devries, PhD, a Joelle Y. T. Mak, MSc, Self-inflicted injuries were responsible for 4.8% of all deaths in women and 5.7% of deaths in men aged 15 to 49 years in 2010, 1 and rank as one of the top 20 contributors to disease burden globally. Childhood sexual abuse (CSA) is a wellknown risk factor for suicidal behaviors and is prevalent in every region of the world, with various reviews finding up to ∼20% of women and 8% of men reporting experience of CSA. 2, 3 Although suicidal behaviors are heritable, 4 environmental factors are also important. It is thought that CSA exposure could increase risk of suicide via the physical and psychological effects of exposure to traumatic stress. In addition to immediate physical effects, evidence suggests that over the longer term, exposure to trauma may alter stress response systems and cognitions around how to cope with subsequent stress and traumatic events. 5, 6 Studies have revealed that CSA experience increases risk of posttraumatic stress disorder and major depressive disorder, 7 both of which carry increased suicide risk. Similarly, CSA is associated with various risk behaviors such as risky sex 8 and alcohol use that may in turn exacerbate risk of mental disorders and eventual suicide. 9 However, this pathway is not specific to the effects of CSA; other adverse childhood experiences can also have detrimental effects on stress-coping responses and induce conditions such as depression and posttraumatic stress disorder. 10 Experience of different types of childhood adversities tend to accumulate in families, 11 and it is possible that an underlying third factor such as socioeconomic status, exposure to harsh parenting practices, or underlying disruptive or anxious behavior in children 4, 11, 12 is responsible for increasing risk of both CSA and later suicidal behavior.
It is also possible that suicide attempts actually precede CSA as measured in some studies. Mostsystematic reviewsof CSA and suicide attempts focus on crosssectional studies. 13 "Childhood," or the period of CSA exposure, is often defined as up to 18 years, and yet a substantial proportion of first suicide attempts occur in adolescence. 14 Without investigation of the timing of both CSA and suicidal behaviors, it is not possible to establish temporality. In fact, studies focusing on dating violence in adolescents have revealed bidirectional relationships between suicide attempts and violence experience, where first experiences of violence are equally likely to be incident to suicide attempts. [15] [16] [17] Several recent systematic "reviews of reviews" have highlighted serious limitations in existing systematic reviews and meta-analyses on CSA and suicidal outcomes. 13, 18 No reviews critically examine whether primary studies adequately control for key confounders to rule out spurious longitudinal associations, and do not consider whether analyses adequately establish the temporal order of events. 13, 19 Usually twin studies provide the best means of examining the independent contributions of specific early life environmental exposures, while controlling for genetic contributions and other childhood adversities. Twin studies examining CSA exposure and the development of major depressive disorders provide general support for the traumatic stress pathway and specific contributions of CSA to mental illness, 20,21 but to our knowledge no systematic reviews have included cotwin analyses examining CSA and suicide.
As part of the Expert Working Group on Violence, for the Global Burden Disease Study 2010, 22 we conducted a systematic review and meta-analysis to examine (1) the magnitude of the association between women' s and men' s experience of CSA and incident suicidal behavior; (2) the consistency of association; and (3) whether confounders were adequately controlled.
METHODS

Searches and Screening
Wesearched 20health and socialscience databases from first record to February 2009. We then updated the search in Medline until February 1, 2013. The first search was conducted as part of a larger set of systematic reviews on topics besides CSA and suicidality, and returned 21 600 records; the update search returned 635 records. The records were initially screened in each case by 1 reviewer. In the original search, full text articles were obtained and initially screened by 1 reviewer, and obviously irrelevant articles were removed. Full-text articles were then formally assessed for inclusion by 2 reviewers. For the update, Dr Devries performed all steps. This process is described in Fig 1. A list of databases and an example search strategy are in Appendix 1.
Inclusion Criteria
Longitudinal and twin studies were eligible for inclusion. For this review, we definedlongitudinal studies as any which followed the same participants over time and provided measurement of exposure to CSA or suicide attempts at least 2 time points at least, or measured completed suicides. Studies that used data from cohorts but performed cross-sectional analyses were excluded. Case-control designs were eligible if they provided longitudinal measurements. If twin studies were cross-sectional (that is, assessed exposure and outcome at the same wave), only cotwin analyses were included. Allauthordefinitions of CSAwere accepted.Allmeasuresofsuicideattempts or completed suicides were accepted, but studies focusing on suicidal thoughts or plans were excluded. Both male and female populations were included. 
Screening and Data Extraction
Quality Assessment
The quality of each effect estimate was appraised. Opinions differ about whether self-reported versus officially substantiated cases of CSA provide better measures of exposure. We considered whether CSA exposure was measured by using self-reports of experience of a list of specific acts, as third party reports underestimate CSA prevalence compared with retrospective self-reports. 3 Although test-retest reliability of CSA reports is only moderate, recent analysis of cohort data suggest that measurement errors in self-reported data did not affect validity of results. 23 For ethical reasons, prospective studies measuring incident CSA experience are extremely rare (because in most countries receiving a report would necessitate intervention), so we documented the period of exposure to CSA and the age at which CSA exposure was assessed.
Information on suicide outcomes was appraised. Because individuals may attempt suicide .1 time, even if suicide attempts are incident over the study period, they still may be a continuation of previous suicidal behavior. For completed suicides, it is clear that they are incident to CSA, but again not necessarily to the onset of suicidal behavior. We documented the period over which suicide attempts were measured, the age at which this was assessed, if suicide attempts were incident over the study period, and whether baseline suicidal behavior was controlled.
We extracted information about length of follow-up, attrition rates, and whether studies adjusted for baseline suicidal behavior, 24 early family environment, 13 other abuse and traumatic events in childhood and adulthood, 25, 26 and other mental disorders. 24 The causal pathways involved are complex, and there is debate over whether some factors are confounders or mediators, so we did not define a minimum set of confounders. Instead we recorded whether key variables were adjusted for and examined results in light of these.
Analysis
All analyses were conducted by using Stata 12.0 (Stata Corp, College Station, TX). Study characteristics and quality are described. We used a randomeffects meta-analysis to produce a pooled estimate of effect. Higgins I 2 was used as measure of heterogeneity, with values of P , .10 taken to indicate significant heterogeneity. All studies revealed binary measures of both CSA experiences and suicide outcomes; where odds ratios (ORs) were not provided as a measure of effect, we calculated these so all studies could be included in the meta-analyses. Only 1 estimate per study was included in the meta-analysis; where .1 was reported, we selected the estimate least prone to bias as described above in the quality assessment section. Publication bias was assessed visually by using a contour funnel plot.
We computed population attributable risk (PAR) 27 under various scenarios of prevalence and strength of association by using the formula:
where P is the prevalence of CSA and RR is the relative risk of suicidal behavior in those exposed versus unexposed to CSA. We used the formula of Zhang and Yu 28 to convert our OR to a relative risk:
where OR is the odds of suicidal behavior in those exposed to CSA versus not, and P 0 is the prevalence of suicidal behavior in the group not exposed to CSA. All PAR calculations assume that the relationship between CSA exposure and suicide outcomes is causal.
RESULTS
Characteristics of Studies
Nine studies with 8733 participants (plus 1 record linkage study that included 12 810 754 people, the whole population of Victoria, Australia 29 ) met
FIGURE 1
Flow of studies through the review.
the inclusion criteria. Seven were cohort studies and 2 were twin studies. One cohort was from the United States, 30 1 was from Canada, 31 1 was from New Zealand, 32 4 were from Australia 29,33 including the 2 twin studies, 34,35 1 was from Switzerland, 36 and 1 was from the Netherlands. 37 Three of the studies provided 3 estimates for women, 2 studies provided 2 estimates for men, and 6 studies provided 12 relevant estimates for samples with both male and female samples combined. There was no suggestion of publication bias (Appendix 2).
Quality of Cohort Studies
Sample sizes ranged from 102 to 4848 participants, plus the 12 810 754 participant study from Australia. 29 All of the studies followed participants prospectively, except for the large record linkage study from Australia. 29 Followup times ranged from 3 to 44 years, median 18 years (interquartile range: 10-25 years). The studies had between 3 and 5 waves of data collection. Attrition rates ranged from 5% to 46.5% over the period of data collection, median 31.5% (interquartile range: 21%-44%). Only 2 studies 31,37 attempted to fully address baseline levels of suicidal behavior, to ensure that participants with incident suicide attempts did not have a history of suicidal behavior. Brezo et al 31 report separate estimates for association of CSA (defined in their sample as occurring before age 18) with "late onset suicidal behavior"
(after age 18), and find statistically significant, positive associations between CSA and attempts for both young women and men. Enns et al 37 specifically excluded participants with suicidal attempts or ideation at baseline; however, because of the time period of CSA measurement specified, the authors note that this drastically reduced their sample size and that they likely excluded a large number of participants who had still experienced CSA preceding an earlier suicide attempt. They note that 35% of their sample was excluded, and after redoing analysis posthoc to include these participants, there was a statistically significant positive association between CSA and suicide attempts (however, in the new analysis, it may be that some CSAs occurred after suicide attempts).
Fergusson et al 32 use incident attempts over specific age intervals after CSA would have occurred, but they do not report controlling for baseline levels of suicidal ideation or behaviors or excluding those with previous suicide attempts. Brown et al 30 also do not control for baseline levels of suicidal behaviors or exclude those with previous suicide attempts.
Summary Estimates From Longitudinal Data
The overall pooled estimate for all studies was OR = 2.43 (95% confidence interval [CI]: 1.94-3.05; Fig 2) . There was high heterogeneity, I 2 = 87.5%, P , .0001. Estimates for men, women, and both genders combined were not significantly different. Removing Cutajar, 29 the large registry study that had completed suicides as an outcome, did not substantially alter heterogeneity estimates (after removal, I 2 = 67.9%, P = .005). Despite heterogeneity around the value of association, all estimates were in the direction of increased risk of suicide outcomes except one, 37 which likely overadjusted for baseline suicidal behavior. 37 
Twin Studies
Two twin studies from different cohorts of the Australian Twin Registry 34,35 met the inclusion criteria. These studies measured CSA and suicide attempts retrospectively at the same wave of data collection. One used 1 item to assess CSA exposure 35 ; the other used a measure of CSA that included items based on specific acts. 34 Both studies revealed a positive association between CSA exposure and suicide attempts; however, both had relatively small sample sizes, and only 1 reached statistical significance. The pooled OR for this association was 2.65 (95% CI: 0.82-4.49, I 2 = 0%, P = .867).
Population Attributable Risk
Assuming the relationship between CSA and suicidal behavior is causal and unconfounded, calculations suggest that between 20.1% and 22.3% of suicidal behavior in women could be attributed to CSA exposure (Table 2 ). In men, between 9.6% and 10.8% of suicidal behavior could be attributed to CSA exposure.
DISCUSSION
Longitudinal studies reveal evidence of an association between CSA exposure and incident suicide attempts or completed suicides, but high levels of heterogeneity in the magnitude of the association. Studies have not comprehensively controlled for key confounders, including baseline levels of suicidal behavior, which means the temporality of the association is not well-established. However, a twin study has revealed an association between CSA and suicide attempts in CSAdiscordant twin pairs, providing strong evidence for an effect of CSA controlling for both genetic and early family environmental factors. Too few longitudinal studies examined effects separately by sex to determine if the odds of association differ.
Strengths and Limitations
We searched global literature in multiple languages, but due to the large volume of search results generated, we were unable to employ doublescreening of abstracts, and for our update search, double data extraction. We also did not contact study authors for further information. Based on our initial search experiences, we decided to update the search in Medline because all initially relevant studies were indexed there. The main limitations of this review are related to the limitations of the included studies. The main
FIGURE 2
Meta-analysis of association between CSA and suicides or suicide attempts in longitudinal studies.
REVIEW ARTICLE limitations of included longitudinal studies relate to lack of comprehensive control for confounding, and in particular, lack of control for baseline suicidal behaviors. However, it is important to note that there were no clear differences in the magnitude of association, and generally a positive direction of association regardless of which key confounders were controlled for in analyses, so it is likely that the relationship between CSA and suicidal outcomes is not entirely accounted for by shared risk factors.
Although it seems probable that in most cases, CSA exposure will precede suicide attempts, suicide attempts among adolescents are not rare. A review of cross-sectional studies of US adolescents aged 12 to 18 revealed that up to one-quarter of female adolescents report a suicide attempt. 14 All but 2 studies in our review had a broad period of CSA exposure, for example, where CSA was defined as occurring any time before age 16 or 18. It is therefore plausible that some suicidal attempts could precede CSA experiences in these studies. Only Brezo et al 31 fully measured incident attempts and controlled for baseline levels of suicidal behavior.
Similarly, most studies measured CSA as occurring from any perpetrator, up to age 18. We know that adolescent dating violence is common, reported by up to 14% to 32% of adolescents across both high and lower income settings, 15,38 and is much more common that sexual violence from parents or other specific perpetrators. 39 Approximately half of the studies placed a further restriction on who the perpetrators were (they had to be older, or a relative or some other particular person), in such a way as to probably exclude most dating violence, but the other half did not. It is possible that these studies are primarily capturing adolescent 
Comparison With Other Studies
Our results are consistent with results of other reviews, in that all revealed evidence of an association between CSA and increased risk of suicide attempts or ideations. 19,45 A more recent review of cross-sectional data from student samples that examined sex differences in suicide attempts also revealed an increased odds of suicide in both young men and women who had experienced CSA. 14 In all cases, they found that CSA was more common in female populations within studies, but that the odds of association between CSA experience and suicide attempts were higher in male populations. We found only 2 longitudinal studies that performed analyses separately for male and female samples: 1 study examining suicide attempts as an outcome also revealed a higher OR in males versus females; the other record linkage study revealed higher odds of completed suicides in females versus males. Although both analyses were subject to various biases, it could be that the gender differences observed in studies of CSA and suicide attempts do not generalize to the relationship between CSA and completed suicides.
Those who complete suicide may differ in important ways from those who attempt. Only approximately one-third of those who complete suicide have a previous attempt recorded. 46 One ; higher and lower RR taken from pooled estimates for twin and longitudinal studies in this review. We did not use pooled estimates for men and women as these were based on only 2 studies and were not statistically different from the overall estimate. Average prevalence in the non-exposed groups was calculated based on data from studies reporting this. 29, 30, 33, 35 study revealed those who completed were more likely to have been intoxicated with alcohol or drugs, 46 and others have revealed that certain affective psychiatric comorbidities such as anxiety disorders are more common among those who attempt suicide rather than those who completed suicide. 47 We had too few studies to make an analysis stratified by completed versus attempted suicides meaningful, but further research may reveal that exposure to CSA effect completed and attempted suicides differently.
Implications for Prevention
Although it is clear that CSA is associated with suicide attempts and completed suicides, further research is needed in several areas. One, the type of violence captured by most measures is likely to include a substantial amount of dating violence, that is, violence perpetrated by peers in romantic relationships. This form of violence is common in adolescent populations, 15, 38 and strategies to prevent this form of violence may be different from strategies to prevent sexual abuse by other types of perpetrators.
It is clear that both young women and men who are experience CSA are at increased risk of suicidal outcomes. PAR calculations underline that CSA exposure may be a major contributor to suicidal behavior in both male and female populations. At a population level, the prevalence of CSA is much higher among women that disease burden of suicide caused by CSA is likely to be higher in females; however, at the individual level, it may be that young men who have experienced CSA need increased attention to avoid suicidal outcomes.
CONCLUSIONS
CSA is associated with increased odds of incident suicide attempts and after controlling for genetic risk factors, early family environment and other risk factors. Prevention strategies that take into account who perpetrates violence against children are needed, and interventions for suicidal patients must be sensitive to histories of violence. "Someone had sexual intercourse with you when you did not want to, by threatening you or using some degree of force."
